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Abstract
We study the effects of charged tensor weak currents on the strangeness-
changing decays of the τ lepton. First, we use the available information on
the K+e3 form factors to obtain BR(τ
− → K−π0ντ ) ∼ O(10−4) when the
Kπ system is produced in an antisymmetric tensor configuration. Then, we
propose a mechanism for the direct production of the K∗2(1430) in τ decays.
Using the current upper limit on this decay we set a bound on the symmetric
tensor interactions.
PACS numbers: 13.35.Dx, 14.40.Ev
1. Introduction.
The τ lepton is the only charged lepton massive enough to decay into
hadrons. This property serves to test interesting Standard Model (SM) pre-
dictions in a clean way. In particular, one can also study several properties of
the charged vector (ρ(770), K∗(892)) or axial (a1(1260)) mesons produced in
τ decays because their production mechanism is free from strong interactions
complications.
Experimentally, the production mechanism for tensor mesons is of hadronic
origin. For example, the a2(1320) is observed in πp collisions or in J/Ψ de-
cays while the K∗2(1430) is produced in Kp experiments [1]. These tensor
mesons can not be produced by a leptonic mechanism because of the V or
A character of the electromagnetic and weak interactions in the Standard
Model.
The aim of this letter is to estimate the effects of tensor interactions in
strangeness-changing decays of the τ lepton. For the purposes of this paper,
it is convenient to start by introducing some terminology. We will call an
antisymmetric tensor interaction to the low energy effective Lagrangian which
involves the product of antisymmetric fermionic currents of the form J[µν] ∼
ψσµνψ
′, while the symmetric tensor interaction will involve the product of the
currents J{µν} ∼ ψΣµνψ′, where Σµν is a symmetric tensor involving Dirac
gamma matrices.
Let first argue that on-shell tensor particles (JP = 2+) can not be pro-
duced by the SM interactions. The V − A structure of the weak charged
currents at tree level does not allow the production of tensor mesons in τ
decays (the hadronic matrix element < T |qγµ(1 − γ5)u|0 >, q = d, s vanish
identically). At the one-loop level, a tensor vertex of the form σµνq
ν (qν the
four-momentum transfer) can be induced in the SM by the first order QCD
corrections to the vertex qq′W± [2]. However, the orthogonality conditions on
the polarization tensor ε{µν} describing the tensor particle, forbid the produc-
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tion of this particle when it is on-shell (the only antisymmetric tensor that can
be written out of qµ and ε{µν} is < T |qσµνu|0 >= ǫµναλqβ(ε{αβ}qλ − ε{λβ}qα)
which vanishes because qµε
{µν} = 0). As an alternative, in this paper we will
consider the |∆S| = 1 flavor partner of the energy-momentum tensor as a
possible mechanism for the production of the K∗2 (1430) meson in τ decays.
Note that symmetric tensor interactions cannot be generated from radiative
corrections to the V −A vertices [2].
The search for tensor currents dates from the beginning of the weak in-
teraction theory. Recently, the existence of tensor fermionic interactions has
been raised in several contexts. For instance, the presence of tensor anti-
symmetric interactions has been suggested in order to explain the apparent
problems observed in (a) the π → eνγ decay rate [3] and, (b) the measure-
ment of a non-zero tensor term in the decay K+ → π0e+νe [4] (see also
Ref. [5]). One also observes the presence of tensor fermionic currents in
the context of the effective Lagrangian formulation for the low energy weak
interactions [6]. Since the tensor interactions in K+e3 decays is closely related
to this work, let us first discuss it in more detail.
When the V–A requirement for the weak interactions is relaxed, the decay
amplitude for the K → πl+νl (Kl3) decays can be written as follows (Ref.
[1], p. 1530-1531):
M ∝ f+(q2)[(PK + Ppi)µlγµ(1 + γ5)ν] + f−(q2)[mll(1 + γ5)ν]
+2mKfSl(1 + γ5)ν +
2fT
mK (PK)λ(Ppi)µlσλµ(1 + γ5)ν, (1)
where q2 = (PK −Ppi)2. The form factors f+, f− are associated to the vector
hadronic current of the SM and, in the SU(3) limit, they are normalized
such that f+(0) = (1, 1/
√
2) and f−(0) = (0, 0) for (K
0
l3, K
+
l3), respectively
[7]. fS, fT are scalar and tensor form factors; their non-zero values would
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indicate signals for physics beyond the standard model.
Observe that the last term in Eq. (1) is just a convenient parametrization
introduced to analyse the experiment. This amplitude could be associated,
for example, to an effective Lagrangian that couples two antisymmetric cur-
rents,
L = −
√
2GF f˜tuσαλd
′
(
qαqβ
q2
)
lRσβλνL
as proposed by Chizhov in Ref. [5] (see the Appendix). In this case, the
last term of Eq. (1) would arise from the following parametrization of the
hadronic matrix element:
< π|uσµνs|K >∼ (PK)µ(Ppi)ν − (Ppi)µ(PK)ν .
In the case of Ke3 decays, the observables are not sensitive to f− and
this allows in principle to study the effects of fS and fT . Surprisingly, the
experimental results reported in [1] indicates |fT/f+(0)| = 0.38 ± 0.11 or
equivalently,
fT ≡ fT (0) = 0.27± 0.08 (2)
for the K+e3 decay, which is more than three standard deviations above zero
[8]. In passing, let us mention that some other discrepancies between theory
and experiment are observed in K semileptonic decays, namely the isospin
breaking in the ratio f+(0, K
+
e3)/f+(0, K
0
e3) and the isospin breaking in the
slopes of the scalar form factors of K0µ3 and K
+
µ3 [9].
In order to clarify this possible experimental evidence for scalar or tensor
antisymmetric interactions, it would be interesting to have new measure-
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ments of the form factors fS and fT at the φ factory, where one expects the
production of about 1010 pairs of K+K−/year [10]. In the following we first
will provide an estimate for the SM contribution to the τ− → Kπντ . In
section 3 we assume the existence of the tensor antisymmetric interactions
and consider its effects in τ decays. In section 4 we will use the current upper
limit on τ− → K∗−2 ντ to set a bound on symmetric tensor interactions.
2. SM contribution to τ− → Kπντ .
The SM contribution to the τ → Kπντ decay is given by the following
amplitude:
MSM = GFVus√
2
νγµ(1− γ5)τ < Kπ|u¯γµs|0 > (3)
whereGF denotes the Fermi constant and Vus the relevant Kobayashi-Maskawa
matrix element.
The hadronic matrix element above can be written as:
< K(k)π(k′)|u¯γµs|0 > = f+(q2)(k − k′)µ + f−(q2)qµ
= f+(q
2)[(k − k′)µ − ∆
2
q2
qµ] +
∆2
q2
f0(q
2)qµ (4)
where q = k + k′ is the momentum transfer to the hadronic system, ∆2 ≡
m2K−m2pi and f+, f0 are form factors associated to the JP = 1−, 0+ configura-
tion of Kπ. Unlike Ke3 decays where q
2 ≤ (mK−mpi)2, in the τ decay under
consideration (mK +mpi)
2 ≤ q2 ≤ m2τ . This allows the possibility to produce
the Kπ system in a resonant way: for example, the K∗(892), K∗0(1430) and
the K∗2 (1430) in the J
P = 1−, 0+ and 2+ channels, respectively.
The decay rate corresponding to Eqs. (3,4) is given by:
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ΓSM(τ → Kπντ ) = G
2
Fm
5
τ
768π3
|Vus|2ISM (5)
where
ISM =
1
m8τ
∫
dq2
q6
(m2τ − q2)2
{
|f+|2(m2τ + 2q2)λ3/2(q2, m2K , m2pi)
+ 3|f0|2∆4m2τλ1/2(q2, m2K , m2pi)
}
(6)
and λ(x, y, z) = x2 + y2 + z2 − 2xy − 2xz − 2yz.
We can estimate the decay rates by assuming a simple Breit-Wigner1 for
the form factors in Eq. (6), namely
fi(q
2) =
fi(0)m
2
∗
m2∗ − q2 − im∗Γ∗
i = +, 0
where m∗, Γ∗ are the resonant parameters of the K
∗(892) or K∗0 (1430) when
i = + or 0, respectively. The form factors at q2 = 0 are taken from Ref. [11]
to be: f+(0) = f0(0) = 0.961 ± 0.008 and (0.982± 0.008)/
√
2 for the K
0
π−
and K−π0 cases, respectively.
Using Vus and the τ lifetime given in [1] we obtain,
B(τ− → K−π0ντ ) = (3.35± 0.11)× 10−3 (7)
B(τ− → K0π−ντ ) = (6.18± 0.21)× 10−3 (8)
where the quoted errors arise from the uncertainties in mτ , ττ , Vus and
fi(0). Adding both results we obtain B(τ
− → (Kπ)−ντ ) = (9.53 ± 0.25) ×
10−3, which compares reasonably well with the experimental value B(τ− →
K∗−(892)ντ ) = (1.33 ± 0.09)% [12]. The numerical discrepancy between
both results, if real, should be attributed to the simple Breit-Wigner used
to parametrize the form factors. Finally, the q2-dependence of f0 is not
important because it contributes only 3 % to Eq. (6).
1A Breit-Wigner with an energy-dependent width can be chosen as well.
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3. Antisymmetric tensor interactions.
Let us now consider the antisymmetric tensor contribution to the decay
τ− → K−π0ντ . If we assume e − τ universality for tensor interactions, we
can write the following decay amplitude for the tensor contribution to this
decay:
M = GFVus√
2
2fT (q
2)
mK
kλk
′
µνσ
λµ(1 + γ5)τ, (9)
where fT is the q
2-dependent tensor form factor.
The decay rate corresponding to Eq.(9) can be written in the following
form (one can easily check that the tensor amplitude do not interfere with
f+, f0 in the decay rate):
Γ(τ → Kπντ ) = G
2
F |Vus|2|fT (0)|2
768π3m3τm
2
K
IAS, (10)
where the integral IAS is given by:
IAS =
∫
dq2(m2τ − q2)2(2m2τ + q2)λ3/2(q2, m2K , m2pi)
∣∣∣∣∣fT (q
2)
fT (0)
∣∣∣∣∣
2
(11)
Notice that the q2 distribution, Eq. (11), contains a factor (2m2τ+q
2) instead
of (m2τ +2q
2) obtained for the 1− channel, Eq. (6). This could help to isolate
the tensor contribution in τ → Kπντ and have an independent measurement
of fT .
If we set fT to a constant (see the following paragraph for the possibility
of a q2-dependent form factor), given in Eq. (2), and compute the branching
ratio corresponding to Eq. (10), we obtain:
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BR(τ → K−π0ντ ) = (1.8± 1.0)× 10−4. (12)
which lies one order of magnitude below the SM contribution, Eq. (7). Thus,
if present, it seems possible to achieve a measurement of the non-resonant
production ofKπ in the antisymmetric tensor configuration in a high statistic
experiment such as a τ − charm Factory.
The decay rate given in Eq. (10) would receive an enhancement if the
Kπ system were produced in a resonant way. An exotic candidate for this
resonance would be, for example, the strange hybrid-meson of the qqg (JP =
1+) family (this exotic meson can be described by an antisymmetric tensor
ε[µν]) [13]. However, this contribution is inhibited because the hybrid mesons
decay preferentially to final states containing excited qq mesons [14].
4. Symmetric tensor interactions.
We propose that the current×current form of the symmetric tensor inter-
action Lagrangian for the strangeness-changing τ decays is given by
L∆S=1 = GF√
2
Vusgt(νΣµν l)(uΣ
µνs) (13)
where the symmetric tensor Σµν ≡ i(γµ
↔
∂ ν +γν
↔
∂µ) involves first-order
derivatives. The dimension of the effective tensor coupling gt is (mass)
−2.
We have chosen the above Lagrangian in order to provide a mechanism re-
sponsible for the τ → K∗2ντ decay. Although this choice does not exclude the
existence of other tensor structures, we have used this Lagrangian for sim-
plicity. It should be noted that it does not arise from radiative corrections
to vertices with V–A currents [2].
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From the above Lagrangian we get the following amplitude for τ(p) →
K∗2 (k)ντ (p
′):
M = GF√
2
Vusgtν(γµQν + γνQµ)l < K
∗
2 |uΣµνs|0 > (14)
where Q = p+p′. The hadronic matrix element in the previous equation can
be parametrized as follows:
< K∗2 |uΣµνs|0 >= gK∗2m3ε{µν} (15)
where m denotes the K∗2 mass and ε
{µν} its (symmetric) polarization tensor.
With the above definition gK∗
2
becomes a dimensionless coupling.
Let us address a comment on the evaluation of the hadronic matrix el-
ement. Althought it is not a popular idea, it has been suggested in the
literature [15] that the tensor meson dominance of the energy-momentum
operator can be assumed in order to give a single parameter description of
the ππ and γγ decays of the JP = 2+ meson f2(1270). Since the K
∗
2 (1430)
meson and the uΣµνs operator are flavor partners of the f2(1270) and the
energy-momentum tensor, respectively, we can assume the nonet symmetry
in order to relate Eq. (15) and the corresponding annihilation amplitude of
the f2. The use of nonet symmetry gives:
gK∗
2
=
√
3
4
(
mf2
m
)3
gf2 (16)
where gf2 = 0.103± 0.011 has been estimated by Terazawa [15] by using the
f2 → π+π− decay rate.
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The decay rate corresponding to Eqs. (14,15) is:
Γ(τ → K∗2ντ ) =
G2F |Vus|2
16πM3
g2t g
2
K∗
2
m2(2M2 + 3m2)(M2 −m2)4 (17)
where M denotes the mass of the τ lepton.
Finally, if we compare Eqs. (16), (17) and the current upper limit on the
τ− → K∗−2 ντ decay (Γexp(τ → K∗2 (1430)ντ) < 6.7×10−12 MeV [1]) we obtain
the following bound:
gt < 2.6× 10−6 MeV−2. (18)
Eq. (13) will also give a contribution to τ− → K−π0ντ . In this case, the
hadronic matrix element can be parametrized as [15]
< Kπ|u¯Σµνs|0 >=
gK∗
2
gK∗
2
Kpim
2
m2 − q2 − imΓ(k − k
′)µ(k − k′)ν (19)
where k(k′) is the momentum of the K−(π0), and Γ is the total width
of the K∗2 . The strong coupling constant gK∗2Kpi can be determined from
Γexp(K∗−2 → K−π0) = (16.3± 0.6) MeV [1] and the expression:
Γ(K∗2 → Kπ) =
2g2K∗
2
Kpi
5π
· |
~k|5
m4
. (20)
We can compute the decay rate for τ− → K∗2ν → K−π0ν using the matrix
element given in Eq. (19) and the upper bound given in Eq. (18). We obtain,
B(τ− → (K−π0)symmντ ) < 9.9× 10−4. (21)
This upper limit is at the same level as the antisymmetric tensor contribution
given in Eq. (12).
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5. Conclusions.
We summarize our results. We have studied the effects of tensor in-
teractions in strangeness-changing τ decays. Using the information on the
antisymmetric tensor interactions measured in K+e3 decays we get a branch-
ing fraction for τ− → [K−π0]antisymντ which is one order of magnitude below
the SM contribution. On the other hand, we have proposed a mechanism
for the direct production of the K∗2(1430) in τ decays. Using the current
upper limit on the τ → K∗2ντ decay mode we are able to a set bound on the
intensity of the symmetric tensor interactions. Using this upper bound we
have estimated B(τ− → [K−π0]symmντ ) < 9.9× 10−4.
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Appendix
The model of Chizhov [5], was proposed in order to simultaneously ac-
count for the destructive interference observed in π+ → e+νeγ [3] and a
tensor term in K+e3 reported in [4].
In Ref. [5], the SM is extended by introducing two Higgs doublets and
two doublets of antisymmetric tensor fields, Tµν = (T
+
µν , T
0
µν) and Uµν =
(U0µν , U
−
µν), having opposite hypercharges (Y (T ) = −Y (U) = +1) in order
to cancel the anomalies. In this brief summary we use only the interactions
of νe, e, u, d, s fermions with the tensor fields that are relevant for the
semileptonic processes.
By assuming quark-lepton universality of the coupling constant t, the
SU(2)L×U(1) invariant interaction gives rise to the following interaction La-
grangian of the charged tensor fields with fermions [5]:
L = t
2
{
(νLσ
µνeR + uLσ
µνdR)T
+
µν + uRσ
µνdLU
+
µν + h. c.
}
(22)
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where d, u are interaction eigenstates. The tensor field Uµν couples only to
quarks, because only left-handed neutrinos are present.
After spontaneous symmetry breaking the charged tensor fields become
mixed and the corresponding matrix of propagators, in the q2 ≪ m2, M2
approximation, is given by [5]
P =

 (T+T−)0 (T+U−)0
(U+T−)0 (U
+U−)0


=
2i
m2 −M2

 Π(q) −I
−I M2Π(q)/m2

 (23)
where m, M are the mass parameters associated with the vev’s of the two
Higgs doublets, (XY )0 denote the corresponding Green functions of X and
Y , and
Πµναβ(q) = Iµναβ − qµqαgνβ − qµqβgνα − qνqαgµβ + qνqβgµα
q2
(24)
with Iµναβ =
1
2
(gµαgνβ − gµβgνα).
After diagonalization of P and of the quark mass matrix, Eq. (22) gives
rise to the following four-fermion effective Lagrangian [5]:
L = −
√
2GF f˜tuσµλd
(
qµqν
q2
)
lRσ
νλνL (25)
where GF f˜t/
√
2 = t2/(M2−m2) and d = Vudd′+Vuss′, with d′, s′ the quark
mass eigenstates. Observe that the hadronic current in Eq. (25) does not
include a pseudotensor term; this will give rise to tensor contributions in
π+ → e+νeγ and K+ → π0e+νe, as required by experiment, but would leave
unchanged the π+ → e+νe decay rate.
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